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ABSTRACT  Based on herbarium studies, eight charophytes are reported from Greenland: 
Nitella flexilis, N. opaca, Tolypella canadensis, T. nidifica f. groenlandica nov. form., Chara 
canescens, C. contraria, C. globularis, C. globularis f. bulbillifera nov, form. and C. delicatula. In 
addition Chara baltica has been reported in the literature. The total number of known species is 
therefore nine. Of these 9 species five are common in Europe and North America; one (C. 
canescens) has its main distribution in Europe with a few finds in Northeast America; another (T. 
canadensis) has a northern amphi-atlantic distribution; a third (C. baltica) has its main distribution 
in Europe and is found in a few localities in South America. One species (T. nidifica) has a 
European distribution only. The early immigration of charophytes to Greenland and the 
development of early bird migration routes in this direction lead us to believe that the charophyte 
flora of Greenland has more affinity to Europe than to North America. Some ecological factors 
are discussed below for each of the species. 

RÉSUMÉ  L'étude de divers herbiers montre que huit espèces de Charophytes sont connues au 
Groénland: Nitella flexilis, N. opaca, Tolypella canadensis, T. nidifica f. groenlandica f. nov., Chara 
canescens, C. contraria, C. globularis, C. globularis f. bulbillifera f. nov. et C. delicatula. De plus, 
Chara baltica y est déja mentionné dans la littérature. Au total, le nombre d'espèces est donc de 
neuf. Parmi celles-ci, cinq sont communes à la fois en Europe et en Amérique du Nord, l'une 
d'elles (Chara canescens) possédant sa distribution principale en Europe, avec en outre, quelques 
stations au Nord-Est de l'Amérique. Une autre (T. canadensis), poss de une distribution 
nord-amphi-atlantique, une troisiéme (C. baltica) est principalement répartie en Europe avec 
quelques localités en Amérique du Sud. Enfin, une espéce (T. nidifica) n est connue qu'en Europe 
seulement. L'immigration primitive des Charophytes vers le Groénland, associée au développe- 
ment des voies de migration aviaires vers ce pays, nous conduit à estimer que la flore des 
Charophytes du Groënland possède une plus grande affinité avec la flore d'Europe qu'avec celle 
de l'Amérique du Nord. Enfin, divers facteurs écologiques ont été examinés pour chacune des 
espèces citées. 
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INTRODUCTION 

Greenland is the largest island in the world, situated in the Northern Atlantic, 
extending from c. 60° N to c. 83° N. The climate is characterised by relatively low 
temperatures, with the July isotherms between 5-10°C in South Greenland. In spite of 
this surface temperatures of waters have been measured up to c. 20°C in the same area 
(Roen, 1971; Fredskild, 1992). Most of the island is covered with ice, but in the ice-free 
parts of coastal areas there are plenty of ponds and lakes of different sizes and depths. 
All these waters are ice-covered in winter, and therefore the ice-free period in the 
summer will determine the vegetative season and be a factor of biological importance 
for the life in the lakes, The ice-free period is 6 months in South Greenland and in West 
Greenland, 4 months in Godthb (64° N), and 2% months in Umanak (70,5° N) 
(Rgen, 1971). Another important ecological factor is the ice-thickness. In many ponds 
the ice is relatively thick and the vegetation in shallow water is often damaged by the 
movements of the ice. This is a general problem for the limnophytes. Several salt lakes 
can be found on the west coast of Greenland. Such lakes are interesting as many species 
of charophytes prefer brackish water. At the head of Sondre Stromfjord one can find 
several such lakes, with variable salt contents. A short outline of the known phycology 
of Greenland is given by Hansen (1985). This article is based on material collected in 
Greenland mostly during the last 30 years. The collections done by Dr Bent Fredskild, 
Botanical Museum, Copenhagen have been especially valuable. Material of the 
charophytes studied here is deposited in the National Museum of Natural Sciences, 
Ottawa (CAN), Botanical Museum, University of Copenhagen (C) and in Botanical 
Museum, University of Oslo (O). 

OBSERVATIONS 

Our knowledge on the charophyte-flora of Greenland is still incomplete, and 
only based on herbarium studies and information in different botanical articles. These 
are: Braun & Nordstedt (1882), Hartz (1898), Kruuse (1912), Porsild (1935), Fredskild 
(1973, 1992). So far, no charophytes have been found in the hot springs of Greenland 
(Halliday et al., 1974), contrary to Iceland and Svalbard (Langangen, 1972, 1979). The 
localities are given as stated on the herbarium labels, and all ecological information 
found on these labels have been extracted. 

The species of charophytes found in Greenland are listed below. 

Source : MNHN. Paris 
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Species found in different herbaria 

Nitella flexilis (L.) C. Agardh 
Three localities in Greenland (Fig. 1). 

1. South Greenland: Kugssuaq: 13 July 
1964. Lat. 60%16' N, Long. 44°43   
Leg. Carlo Hansen, Peter Milan Petersen, 
Tem Smitinand (C). Specimens up to 7 
cm high. Richly fertile, antheridia 
500 um, oogonia 600 rm. No ripe oospo- 
res. With sterile Coleochaete scutata Bréb. 
on internodia. 
2. South Greenland: Igaliko, 3 August 
1937. Lat. c. 61%00' N, Long. c. 45°30  W. 
Leg. Johs. Gróntved (C). Specimens up to 
9 cm long. Relatively rich fertile, mostly 
with oogonia, only few antheridia. A few 
brown oospores were found. 
3. West Greenland: Sendre Isortog. 1977. 
Lat. 65°30  N, Long. 52°10  W. Leg. Sune 
Holt (C). Specimens up to 10 cm long. 2-3 
whorls, with internodes 3-4 cm. One 
fertile head with mostly unripe oogonia. 
Only one antheridium was found, 500 jum 
in diameter. 

=" Comments: The species has also been 
A NAN, reported from West Greenland: God- 
Figure 1. e Known distribution of Nitella thûbsfjord, Lake at Itivnera (Fredskild, 
flexilis in Greenland. * N. opaca vel flexilis. 1973), but this find is not confirmed by 

any herbarium specimens. Nitella flexilis 
is undoubtedly more common. Nitella flexilis is a widespread species, common in 
Europe, and also found in parts of North America (Corillion, 1957), including insular 
Newfoundland (Mann, 1989). The species is also known from Iceland (Langangen, 

1972). 
The map in Wood (1967) shows that the northernmost localities of Nitella flexilis are 
situated in Newfoundland, but this Nitella flexilis is based on another species concept 
(Wood, 1965) which include many so called microspecies (e.g. N. opaca, see later). 
Nitella flexilis is known to haye a broad ecological amplitude and is therefore 
well-known from cold  areas. Kashimura (1960) showed under experimental condi- 
tions that the species developed best at low temperatures, with the best growth of the 
gametangia at 5-10°C. This was also confirmed by observations in different lakes, 
where gametangia were never found in summertime. 

In some lakes, probably with unfavourable conditions (temperature) one can 
find only sterile specimens which must be named Nitella flexilis vel opaca. This because 
the two species can only be separated in fertile status, since Nitella opaca is dioecious 
and N. flexilis is monoecious (Olsen, 1944; Moore, 1986). In the Copenhagen 
herbarium there are four collections of sterile Nitella opaca vel flexilis. The four 
localities are: 

Source : MNHN, Paris 
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1 . West Greenland: Holsteinsborg, Vandsgen ( The Water Lake ): 21 August 1975. 
Lat. 66°56  N, Long. 53°40  W. Leg. Bent Fredskild (C). The lake is described in Roen 
(1962). Specimens up to 10 cm high, 
2'. West Greenland: Holsteinsborg, Akugdleg, Boreseen : 29 July 1978. Lat. 
66°55  N, Long. 52°18  W. Leg. Bent Fredskild & Peter Friis Moller (C). Altitude of the 
lake is 85 m., depth of growth 2.5 m. Specimens up to 20 cm high. 
3°. West Greenland: Nordre Isortog, Arnag gavdlun g: 13 September1956. Lat. 
67°16' N, Long. 53°23 W. Leg. Tyge W. Bócher (C). Small, tiny specimens. 
4 . East Greenland: Scoresby Sund, Rypefjord, SW-coast. 1958. Lat. 71°02' N, Long. 
27°45' W. Leg. S. Legaard (C) (Legaard, 1960). The altitude of the lake is c. 100 m. 
Coarse specimens. 

Nitella opaca C. Agardh 
Two localities in Greenland (Fig. 2). 

1. South Greenland: Igaliko, 31 July 1937. 
(Lat. c. 61°00' N, Long. c. 45%30' W). 
Leg. Eilif Dahl (O). Coarse, well devel- 
oped specimens, broken. Oogonia well 
developed in many specimens, but most 
of them are white and immature, One 
black oospore was found. 
2. West Greenland: Nordre Stremfjord, 
Sofies Havn (Lat. 68°21'N, Long. 
51°06  W). Leg. A. Berlin (C) (Bócher, 
1954: 299). We have not seen specimens. 
Comments: Nitella opaca has also been 
found in several lakes in Iceland (Langan- 
gen, 1972) and is quite common in insular 
Newfoundland (Mann, 1989). The species 
is also common in the British Isles 
(Moore, 1979). Nitella opaca has an ecol- 
ogy similar to Nitella flexilis, Chara glo- 
bularis Thuill. and C. delicatula C. Ag. 

Figure 2. Known distribution of Nirella opaca 
in Greenland. * loc. given in literature. 

Tolypella canadensis Sawa 
2 localities in Greenland (Fig. 3). 

This species has been referred to as Nitella translucens (Pers.) C. Agardh in 
different articles on Greenland botany. The herbarium specimens examined were all in 
relatively bad condition. 

Source : MNHN, Paris 
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Figure 3. Known world distribution of Tolypella canadensis, See Sawa (1973) for North American 

localities and Langangen & Blindow (1995) for Scandinavian ones. 

1. West Greenland: Umanak, Innfjorden in fresh water. 11 September 1932. Lat. 

c. 70°30  N Long.c. 51°20  W. Leg. J. Devold. (O). Specimens more or less broken into 

small pieces. Whorls with 4-5, single branchlets, 1-2 cm long, 3-4 celled including 

mucro. The mucro consists of one or two short cells. All specimens are sterile. 

2. West Greenland: Christianshb. 18 July 1890. Lat. c. 68°50" N Long. c. 51°10 W. 

Leg. N. Hartz (C) (Hartz, 1898; Porsild, 1935; Bócher, 1954). Old, fragile specimens, 

partly broken. Some plants up to 20 cm high, with up to 7 whorls, with 4-5 once-forked 

(single) branchlets and internodes to 2-3 cm long. Some branchlets with mucronate 1-2 

celled dactyls (end-cells). Other with longer cells, and short, one mucronate end-cell 

(Fig. 4). All specimens are sterile. 
The species has also been reported from Kap Herring (sea in the western part 

of Amaka in East Greenland) by Kruuse (1912). We have not seen any specimens, and 

as the determination is doubtful, this locality is not marked in figure 3. 

Comments: Specimens studied here are all in bad condition, but they have all the 

taxonomic details typical for sterile members of the genus Tolypella: branchlets of 

simple type, being progressively shorter and thinner toward the apex; monopodial 

arrangement of the branchlets; two or more branches from the whorls (Groves & 

Bullock-Webster, 1920; Allen, 1950). When Hasslow (1939) described this taxon for the 

first time he named it Nitella mucronata (A. Braun) Miquel f. haplophylla Hasslow, 

which refers to the superficial similarity with this species. It has later been described as 

a new species to science by Sawa, based on material from Canada (Sawa, 1973). 

Source : MNHN, Paris 
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Figure 4. Tolypella canadensis 
collected in Christiansh b, 
Greenland, in 1890. a. End of 
branchlets with mucronate 
end-cells. Scale 350 pm (left) 
200 um (right). b. Two bran- 
chlets of divergent form. Scale 
2mm. 

In Greenland and in Scandinavia 
the species has been found in oligotro- 
phic waters. In the two Scandinavian 
localities it is mostly found in lakes 
with some turbulent water. It seems to 
prefer fine sandbottom, waters poor in 
electrolytes and pH around 7.0. The 
waters are also relatively cold , 
which is also the case in Greenland. 
Both Canadian and Scandinavian 
specimens are fertile, in contrast to 
specimens from Greenland, which are 
all sterile. This can perhaps be 
explained by lower temperatures and 
shorter vegetation period in Green- 
land. The specimens from Greenland 
fits with f. glomdalensis (Langangen, 
19934). 

Tolypella nidifica Leonh. f. groenlandica nov. form. 
Only one locality in Greenland (Fig. 5). 

Figure 5. Known distribution of Tolypella nidifica in the northern Hemisphere. For localities out 
of Greenland, see Corillion (1957) and Moore & Greene (1983). 

Source : MNHN. Paris 
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1, West Greenland: Sondre Stromfjord, Brayaso: 27 August 1977. Lat. 66°59  N, Long. 
51°02  W. Leg. Bent Fredskild (C). Two small specimens, with the mother-oospores 
still attached, not encrusted. One of the specimens has six plants from its protonema, 
and one of these has a 6 cm long unbranched terminal process, | mm broad. 
Protonemal internode up to 2 cm long, 5 or 6 fertile heads, each with 3-4 whorls, 
Internodes to 2 cm, and stem-diameter up to 750 jum. All whorls fertile, with 6 (more?) 
short 2-3 celled branchlets, to 1.5 cm long with 2-3 celled laterals. Penultimate cells of 
branchlets usually 2x the length of the ultimate cells. End-cells obtuse. Richly fertile, 
mostly oogonia. Oogonia 1-3 at a node, 500-600 pm long (excl. coronula), 400-450 uum. 
broad, spiral cells with 8 convolutions, in many cases with swollen apex, and with 
coronula fallen off. Oospores in abundance, 350-375 um long, 275-300 im broad, 
brown to dark brown. Membrane with linear granulation parallel to the ridges. Fossae 
50-55 ym. Antheridia 275 (immature) to 450 um in diameter. 

The specimens described here, differ from the type mentioned above in many 
respects. Therefore we want to describe it as a new form. 

T. nidifica Leonh, f. groenlandica nov. form. 

Plantae parvae, Tolypella nidifica-similis. Non incrustatae, viridianae. Protonematis 
filamentum terminalis major, ad 6 cm longis, ad 1 mm brevis. Fertilia capitula formans, 
3-4 verticilla. Internodia ad 2 cm, ad 750 um diametro. Omnia verticillia fertilia, ramuli 
6, 2-3 celulares, laterales 2-3 celulares. Cellula ultima conica et obtusa. Oogonia 1-3 ad 
nodum, 500-600 jm longa (coronulis exclusis), 400-450 um lata, cellulae striae 8. 
Oosporae brunnae, 350-375 um longae, 275-300 ym latae. Fossae 500-550 um. Antheridia 
ad 450 um diametro. In lacu Brayaso in Sondre Stramfjord, Kalaallit Nunaat collegit 
Bent Fredskild. 

The locality is described in Roen (1962), who says Along the banks there are 
growths of Potamogeton filiformis Pers. and a great many filamentous algae.  He gives 
the following chemical parameters, which indicate brackish water: specific conductivity 
3000 uS cm", pH 8.5, alkalinity 178 mg 1 , calcium 13.0 mg I", magnesium 182.2 mg 
I", chloride 1240.0 mg I". It would be of great interest to survey this locality closer for 
charophytes. 

Tolypella nidifica is a brackish water species, and the find in Greenland is very 
interesting. Tolypella nidifica is a species only found in Europe and northern Africa 
(Corillion, 1957). In Greenland there are many potential salt lakes where this species 
can be found, especially in inland fjord heads, In Newfoundland, Mann (1994) has 
found Tolypella glomerata Leonh. which is a similar species. Oospores of Tolypella 
have recently been found by Eisner et al. (1995) in the same area, in lake 31, near to 
Mt. Kegelen and dated to 4,000-3,000 B.P. After this time Tolypella disappeared from 
this lake, but has survived in other lakes. This indicates a much wider distribution of 
the species in this period. Tolypella seems able to adapt very well to extreme localities 
(low temperature, high salt content, etc.), by rapid development e.g. by producing 
fruiting structures very fast (Mann, 1994), by producing ripe oospores after three 
months of growth (Moore, 1986), and keeping the protonemal terminal process as the 
main photosynthetic organ as do the specimens studied from Greenland. This is a 
survival strategy which is known from several species, like Tolypella normaniana 
Nordstedt in Norway (Langangen, 1994), T. antarctica (A. Braun) R. Corillion in 
Kerguelen Island (Corillion, 1982; Corillion & Reviers, 1985) and T. salina R. Corillion 
in France and Spain (Corillion, 1960: Comelles, 1986). Among the Greenland 
limnophytes there is only one endemic taxon, Potamogeton pusillus (M ll.) Leonh. 

Source - MNHN. Paris 
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subsp. groenlandicus (Fredskild, 1992). The speciation of this taxon must have taken 
place during Holocene, as it could not survive any glaciation. A similar development 
can be applied on Tolypella nidifica f. groenlandica. Further investigations are necessary 
for deciding whether this taxon should have subspecies or species rank. As the 
Greenland specimens were fertile with ripe oospores, this indicates a well adapted taxon 
as well as favourable conditions in the lake. 

Chara canescens Desv. & Lois. 
Only one locality in Greenland (Fig. 6). 

Figure 6. Known distribution of Chara canescens in N,W. Europe and N. America. For localities 
out of Greenland, see Robinson (1906), Corillion (1973) and Langangen (1972). 

1. The location of this collection is doubtful. On the label (C) is written: Chara spec. 
inter Conferv. Wormskioldii e Grónlandia". This means: a Chara mingled with 
Conferva wormskioldii Mertens ex Horneman (now Urospora wormskioldii (Mertens) 
Rosenvinge) from Greenland. Collector, locality and date are not given on the label. 
Only one single specimen. 36 mm high. Diameter of stem 400 um. 5 internodes, | mm 
(top), 2.8 mm, 3.8 mm, 4 mm and 5 mm (lowest). Cortex normal haplostichous, with 
spine-cells on all rows. Spine-cells 200-350 pm long. Stipulodes developed in two rows, 
cells to 250 um long. In each whorl 5-7 branchlets, length up to 5 mm and 1.2 x as long 
as internode. Number of segments on each branchlet 3-4. End-segment with 2-3 cells 
up to 1 mm long. End-cell short acute. Bract-cells and bracteoles of equal length, 
300-500 jm, slightly shorter than oogonia. Only female plants. Relative rich fertile, but 
no mature oogonia (only white), 450 um long. 
Comments: Conferva wormskioldii was described as a new species in Horneman (1816). 
The description was made on specimens collected by Wormskiold around Godthb in 

Source : MNHN, Paris 
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1812 (Burrows, 1991). Wormskiold travelled along the westcoast from the isle of Disko 
at 69° N to Julianehab at 61  N in the years 1812-1813 (Warming, 1890; Hansen, 1985; 
Jessen, 1987; T.Christensen, 1991). The condition of the studied specimens indicates 
that they are collected in the late summer or autumn, and as Wormskiold in autumn 
1812 was in the Godthab area and in the autumn of 1813 in the Fredrikshab area, the 
charophyte may have been collected in one of these areas. We know that he sent 
material to Hornemann in Denmark already in September 1812, which was mate- 
rial from Godthab (Jessen, 1987). The herbarium label is written by Hornemann in 
Denmark. Conferva wormskioldii is marine, but can be found in brackish water as well 
(Burrows, 1991). Chara canescens is a brackish water species (Stroede, 1933; Olsen, 
1944) and can potentially be found in salt lakes on the west coast (e.g. Sondre 
Stromfjord). Chara canescens is found in Europe, in the north-eastern part of North 
America (Robinson, 1906; Corillion, 1973) and Newfoundland (Mann, 1989). The 
species is also reported from Svalbard (Langangen, 1972). As the species is richly 
fertile, it must have grown under good conditions. 

Chara contraria A.Br. ex Kützing 
Only one locality in Greenland (Fig. 7). 

Figure 7. Known distribution of Chara contraria in N.W. Europe and N.E. America. For localities 
out of Greenland, see Corillion (1957), Moore (1979) & Mann (1989). 

1. West Greenland: Sondre Stromfjord, Lake Jean: 27 August 1977. Lat. 67°00  N, 
Long. 50°58  W. Leg. Bent Fredskild (C). Specimens up to 6 cm high. Strongly 
encrusted. Cortex diplostichous, tylacanthous. Diameter of stem 600 um. Spine-cells 
solitary, to 300 um long. Stipulodes short, in two rows. Branchlets to 8 mm long, 
varying from 0.5x to Ix length of internodes. Bracteoles and anterior bract-cells about 

Source : MNHN, Paris 
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equal in length to the oogonium. Posterior bract-cells papillate. Very rich fertile with 
ripe, black oospores on lower, short branchlets. Length of ripe oospores 600 um. The 
specimens studied formed small bushes, mingled with mosses. The Lake Jean  is 
situated c. 250 m above sea level. 
Comments: Chara contraria is a cosmopolitan species (Corillion, 1957; Wood & 
Imahori, 1959). It is frequently dispersed throughout Europe (Corillion, 1957) and 
common in the British Isles (Moore, 1979), In the relevant parts of North America it 
is reported from Quebec and insular Newfoundland in Canada (Robinson, 1906; 
Mann, 1989) (Fig. 7). This species seems to prefer alkaline waters with a high content 
of calcium (lime-rich), and is therefore generally highly encrusted (Olsen, 1944; Langan- 
gen, 1974; Mann, 1989), Specimens with slightly or lack of encrustation are known (Lan- 
gangen, unpublished data; Mann, 1989). The species is in general reported from fresh 
water, but records from slightly brackish water are known (Stroede, 1933; Langangen, 
unpublished data from Northern Norway, 1993b). The heavy encrustation of the speci- 
mens from Lake Jean , suggests a calcium rich lake. This is not common in Greenland. 
Unfortunately we do not have chemical measures from this locality. Another interesting 
fact is that the species is very fertile and has been found with ripe oospores. Chara contra- 
ria is a species well adapted to low temperatures (Corillion, 1957), and it is found in high 
altitudes (3700 m in South America, Braun & Nordstedt, 1882) and in far north localitiesin 
Norway (Langangen, 1974). The find of this species in Greenland is very interesting, 
as it provides a link between the European and the American areas of distribution. 

Chara globularis Thuill. (= C. fragilis Desv.) 
10 localities in Greenland (Fig. 8). All specimens studied are slightly encrusted. 

1. West Greenland: Sondre Stromfjord, 
lake just W of Mount Keglen. 1 August 
1977. Lat. 67702 N, Long. 50°33  W. 
Leg. Bent Fredskild (C). Specimens 20-30 
cm high. Some fertile specimens, but no 
ripe oospores. Bracteoles shorter or as 
long as the oogonium. Anterior bract- 
cells shorter than oogonium and posterior 
bract-cells papillate. 
2. West Greenland: Sondre Stromfjord. 
July 1942. Lat. 66°56  N, Long. 50°50  W. 
Leg. A. E. Porsild. (CAN) (Bócher, 1954). 
Only a small amount of material. Speci- 
mens up to 9 cm in length. Lightly 
encrusted. Sterile. There is a fine pale- 
brown sandy substrate on the roots . 
3, South Greenland: Tasiussaq, in a pond, 
2 September 1985. Lat. 61°09  N, Long. 
45°40' W. Leg. Jon Feilberg (C). Speci- 
mens 20 cm high. Branchlets up to 2 cm 
long, 1-2x length of the internodium. 
Anterior and posterior bract-cells papil- 
late. Bracteoles as long as the oogonium. 
Slightly fertile, undeveloped gametangia. 

Figure 8. Known distribution of Chara globu- 
laris in Greenland. 

Source : MNHN, Paris 
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4. South Greenland: Lake west of Qagssiarssuk, 5. July 1970. Lat, 61°09" N, 45°33  W. 
Leg. Bent Fredskild (C). Specimens up to 25 cm high. Sterile. In association with Chara 
delicatula. Sterile Coleochaete scutata on the stem. 
5. South Greenland: Lake 1.5 km west of Qagssiarssuk (Tunugliarfik-fjorden). 29 June 
1962. Lat. 61°09  N, Long. 45°32  W. Leg. Bent Fredskild. Same locality, 31 July 1962. 
Leg. Bent Fredskild (C) (Fredskild, 1992), Specimens, from June 5-6 cm high, from 
July 10 cm. Well developed bulbils on the lowest nodes. All specimens sterile. Chara 
globularis f. bulbillifera (see next paragraph). 
6. South Greenland: Lake c. 2 km NW of Igaliko (on the isthmus between Igaliko and 
Tunugliarfik). 24 July 1962. Lat. 61°01  N, Long. 45°27  W. Leg. Bent Fredskild (C). 
Specimens 4-5 cm high, growing in small dense tufts on sandy bottom. End segments 
of branchlets 2-4 celled, without cortex, 0.1-0.5x length of branchlet, Anterior 
bract-cells and bracteoles 2-3x longer than oogonium (immature), up to 1.2 mm long. 
Posterior bract-cells papillate. Some specimens are fertile on the youngest whorls, with 
immature gametangia. Well developed, composite rootbulbils, attaining a diameter of 
up to 2 cm. Bulbils are not often found in Chara globularis. We want to describe the 
specimens found here (Nos 4 and 5) as a new form, Chara globularis f. bulbillifera. This 
taxon corresponds with Chara delicatula var. annulata (Liljeb.) J, Groves & G.R. 
Bullock-Webster, which has similar bulbils. The bulbils are an important vector for 
vegetative reproduction which is presumed to be of adaptive value in these regions. 

Chara globularis Thuill. f. bulbillifera nov. form. 

Plantae ad 4-5 em altae. Bulbilla radicum, ad 2 cm diametro. 
7. South Greenland: Hestesporsa, 8 August 1988. Lat, 60°53  N, Long. 45?18' W. Leg. 
Bent Fredskild (C). Specimens 5-6 cm. Slightly fertile, with small, undeveloped 
gametangia. Most specimens are sterile. Other species in the lake are Myriophyllum 
alterniflorum DC. and Potamogeton gramineus L. Altitude c. 110 m above sea level. pH 
= 7.7 and specific conductivity 112 uS cm", 
8. South Greenland: Lake east of Sondre Igaliko, 3 August 1988. Lat. 60°54  N, Long. 
45°14  W. Leg. Bent Fredskild (C). Specimens up to 15 cm high. Sterile. Other species 
found in the lake are Myriophyllum alterniflorum, Potamogeton filiformis Pers, and P. 
gramineus L. Altitude c. 230 m above sea level. pH = 7.6 and specific conductivity 
72 uS cm , 
9. South Greenland: Skyggesø, 8 August 1988. Lat. 60°51' N, Long. 45°22' W. Leg. 
Bent Fredskild (C) (Fredskild, 1992). Specimens 7-8 cm high. Sterile. Other species 
found are Potamogeton gramineus and Hippuris vulgaris L. Altitude c. 50 m above sea 
level. pH= 7.7 and specific conductivity 85 LS cm . 
10. South Greenland: Lake at Akugdlit (Loc. E 3 in Fredskild, 1992), We have not seen 
specimens from this collection. 
Comments: Chara globularis is the most common charophyte in Greenland. It is only 
found on the south and westcoast north to Sondre Stromfjord (Fig. 9). The species is 
common in Europe and parts of North America (Corillion, 1957, 1973). It is also found 
on Iceland (Langangen, 1972) and on Newfoundland (Mann, 1989). Chara globularis 
is well known from oligotrophic lakes, normally with a low content of lime which also 
seems to be the case in Greenland. pH is measured in the range 6.4-7.7 and specific 
conductivity in the range 57-112 uS cm  (observations on the labels and Fredskild, 
1973). The locations are situated from 50 to 230 m above sea level. In Greenland Chara 
globularis is found in waters with Potamogeton gramineus, P. filiformis, Myriophyllum 
alterniflorum, Hippuris vulgaris and Chara delicatula. This agrees well with observations 

Source . MNHN, Paris 



250 A. LANGANGEN, J. B. HANSEN & H. MANN 

elsewhere (Olsen, 1944; Corillion, 1957). The specimens studied were generally well 
developed, up to 25 cm in height. The fructification was generally poor, and fertile 
specimens were only found in 4 localities. This can be due to low temperatures or too 
short growth periods, Karling (1924) has shown experimentally that Chara globularis 
can develop gametangia at low temperatures (2-7° C) under continuous illumination. 

Chara delicatula C. Agardh 
Only one locality in Greenland (Fig. 9). 

1. South Greenland: Lake west of Qags- 
siarssuk. 5. July 1970, Lat. 61°09  N, 
Long. 45°33  W. Leg. Bent Fredskild (C). 
Coarse specimens, up to 20-25 cm long. 
Sterile. There are three collections from 
this locality. The determination has been 
done on the following terms: Specimens 
with slightly swollen but not elongated 
stipulodes in upper series and isostichous 
cortex have been named Chara globularis, 
and specimens with elongated stipulodes 
in upper series and tylacanthous cortex 
have been named Chara delicatula. At 
present this is the only locality known 
containing this species. Presumably it is 
much more common. 
Comments: Many authors have treated 
Chara globularis and Chara delicatula as 
one species (Olsen, 1944; Langangen, 
1972, 1974; Moore, 1986), while other 
have treated them as two species (Migula, 
1897; Groves & Bullock-Webster, 1924; 
Corillion, 1957). Because of the confused 
taxonomy of this species, its distribution 

Figure 9. Known distribution of Chara delica- is only known in part. In insular New- 
tula in Greenland. foundland it is the most common Chara 

(Mann, 1989). It is also common in the 
British Isles (Moore, 1979; Moore & Greene, 1983). In addition it is found in Iceland 
(Langangen, unpublished data). Chara delicatula is probably widely distributed 
throughout Europe (Corillion, 1957). Its ecology is similar to Nitella flexilis and Chara 
globularis. 

Species only reported in literature 

Chara baltica Bruz. 
Only one known locality in Greenland (Fig. 10). 
This species is reported from Greenland by Braun & Nordstedt (1882), who says: 
Nord-Amerika. Grönland (leg. Raben, in herb. Sonder). Forma internodiis valde 

elongatis, verticillis brachyphyllis clausis microcantha . This means that this is a type 
with elongated internodes, short branchlets and with spine-cells shorter than the 

Source : MNHN, Paris 
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Figure 10. Known distribution of Chara baltica in the northern Hemisphere. For localities out of 
Greenland, see Corillion (1957), Langangen (1974) and Moore & Greene (1983). 

stem-diameter. Fredrik C. Raben who collected the plant, visited Greenland in 1823 
(Anonymous 1824, 1826; C. Christensen, 1924; Porsild, 1935) where he stayed from 
June to August. He traveled from Godtháb to Fredriksháb, and visited many areas 
around and between these two places (Anonymous, 1924, 1926). Without having seen 
any specimens, it is most reasonable to guess that the species was collected in late July 
or in August when he was in the area of Fredrikshab. 

Chara baltica is a brackish water species common in the Baltic Sea and found 
scattered along the European coasts to North-Africa (Corillion, 1957, 1973; Garcia, 

1993). In the British Isles the species is found in southern England, in the Orkney 

Islands and in the Shetland Islands (Moore & Greene, 1983) (Fig. 10). The finds of 

Chara baltica in Greenland and Bolivia (the Titicaca Lake) (Braun & Nordstedt, 1882) 

and in Brazil (Hasslow, 1934) have not been accepted by several authors, as no 

specimens have been found (Wood, 1965; Bicudo, 1977 and Garcia, 1993). The species 

has recently been found and described from three new localities in Argentina (Garcia, 

1993). If the find of Chara baltica in Greenland is correct, and we do believe this is so 

as the determination was made by Braun himself, it is most probably found in the area 

around Fredrikshab and not on the east coast as proposed by Corillion (1957). If this 

is correct, the species has an amphi-atlantic distribution without reaching the North 

American continent. The finds in Argentina can therefore most reasonably be 

explained by long distance dispersal by birds. Some phanerogames are known to have 

a similar distribution, e.g. Carex arctogena H. Sm. (Nordal, 1985). 

Source - MNHN. Paris 
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DISCUSSION 

This paper gives a preliminary report on the charophytes of Greenland. 
According to ecological criteria the species can be grouped in three categories: 
1, Oligotrophic species: Nirella flexilis, N. opaca, Tolypella canadensis, Chara globularis 
and Chara delicatula. All these species have wide ecological amplitudes for most 
physical and chemical parameters (Olsen, 1944; Langangen, 1972; Mann, 1989), and 
the Greenland finds correspond with these facts. 
2. Species found in lime rich lakes: Chara contraria. The correlation between the lime 
content of the localities and the occurrence of this species is well documented 
(Langangen, 1972; Mann, 1989). 
3. Brackish water species: Chara canescens, (Chara aspera, not found, but is probable), 
C. baltica (literature) and Tolypella nidifica f. groenlandica. The two Chara species have, 
as in the case of Tolypella, most probably been found in a salt lake or in a brackish 
water lagoon on the west coast (e.g. Godtháb) or in one of the many salt lakes in 
Sondre Stromfjord (Bócher, 1949, 1959; Roen, 1971). 

The charophytes are generally found in the continental, low Arctic interior of 
Greenland (Fredskild, 1992) with only one exception: Holsteinsborg, where the climate 
is low-arctic, fairly oceanic. The general distribution of charophytes match the 
distribution of the low Arctic phanerogams, Menyanthes trifoliata L. and Sparganium 
hyperboreum L. (Fredskild, 1992). Of the 31 Greenland limnophytes mapped by 
Fredskild (1992), 25 are low Arctic, and of these, four grow in North America and 
Greenland and six are amphi-atlantic, These latter can be found on both sides of the 
Atlantic including Greenland. The amphi-atlantic distribution concerns all types of 
plants, including phanerogams. This kind of distribution has been much debated, 
especially in Europe (Dahl, 1958), The question is whether this distribution can be 
explained either by a land bridge (Dahl, 1958, 1991; Rognes, 1986) or by long-distance 
dispersal either by drifting ice and icebergs or by migrating birds (Nordal, 1985). For 
charophytes as for limnophytes in general both suggestions may be possible, although 
dispersal by means of birds is more probable, It has been demonstrated both by 
experiments and by observations that such long distance dispersal is possible (Vlaming 
& Proctor, 1968; Carlquist, 1974). Furthermore, it is well documented that different 
species of shore birds and waterfowls can ingest and disperse charophyte oospores over 
long distances (Imahori, 1954; Proctor 1962, 1967, 1968). 

Both direct flights in both directions across the Atlantic and shorter steps via 
Iceland and Greenland can give vital clues to explain the charophyte-flora of 
Greenland, In this connection the charophyte-flora of insular Newfoundland (Mann, 
1989) is of interest as it is similar to that of Greenland, Eleven species of charophytes 
are today known from insular Newfoundland (Mann, 1989, 1994). Most of these finds 
represent new northern and north easternmost finds in North America proved by data 
given by Wood (1967). 

The Newfoundland charophyte flora may have an origin in southern parts of 
America as proposed by Khan & Sarma (1984), but it can also be explained by 
dispersal from Europe via Greenland. This has also been discussed by Mann (1994). 
The amphi-atlantic distribution of Tolypella canadensis Sawa is perhaps a circumstan- 
tial evidence for such a suggestion (Langangen, 1993a). It seems that bird migrations 
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occur mostly from the Old World, via Iceland to Greenland and North Canada rather 

than from North America (Alerstam et al., 1986). This can be explained by the slower 

postglacial melting of the icesheet covering North America. Another factor is the 

distance to favourable wintering areas which is much shorter to the European countries 

than to similar American areas (Alerstam et al., 1986). As Newfoundland is the the 

first/last landfall for birds moving either westward from Europe via Greenland/Iceland 

and for birds travelling along the North American migration routes (Alerstam, 1990), 

many vagrants from both continents are found here. Of all vagrant shorebirds and 

waterfowls, 38% are of European origin. In addition, many regular members of the 

avifauna are of European, Greenlandic or Icelandic origin. One of the vagrants is the 

White-fronted Goose, Anser albifrons Scopoli (Montevecchi $ Tuck, 1987). Many 

species are possible vectors for dispersal of charophytes to Greenland, both shorebirds 

and geese (Salomonsen, 1971). The most common bird actually migrating from Europe 

is the White-fronted Goose which winters in Ireland and Scotland. In the spring 

migration, these birds use Iceland as a stopover site. Then they continue to the 

Denmark Strait and then cross the indland ice to western Greenland, where the many 

interesting finds of charophytes have been made in Greenland. Corresponding species 

can be found in Ireland and Scotland. Other species of birds using the same migration 

route breed in other parts of Greenland (Salomonsen, 1971). 

The deglaciation of the coastal areas of Greenland began c. 11,000 years ago 

(Fredskild, 1973). Pollen analysis and microscopic algae have shown that the ecological 

conditions were much different up to c. 4,000 B.P., with higher water temperatures, 

more alkaline lakes and consequently a much higher production of the limnophytes 

(Fredskild, 1992). Fredskild (1977, 1983, 1992) has shown that the general frequency 

of charophytes was much higher in this period, and that charophytes arrived c. 9-9,500 

B.P. These charophytes must have been of European origin. In all, fossil charophytes 

have been reported from 15 different waters. In 12 of these they are now extinct 

(Fredskild, 1992). Of 10 cored Godhábsfjord lakes, as many as 8 had charophytes in 

the pioneer stage (Fredskild, 1992). Only one of these localities has charophytes today 

(lake at Itivnera). Recently Eisner et al. (1995) have found 5,000 years old oospores of 

Tolypella and Chara in sediments in a lake in Sondre Stromfjord where they 

disappeared at about 4,000 B.P. Oospores of Nitella cf. flexilis dominate the core from 

c. 2,000 B.P. What we see today of charophytes in Greenland are presumably remains 

of an earlier much richer charophyte-flora. Oospores of charophytes have also recently 

been found of Plio-Pleistocene age (2-2,5 million years ago) in Peary Land (82°30' N) 

(Bennike, 1990). 
Of the 9 species found in Greenland, 5 are common both in Europe and 

northern America. One (C. canescens) has its main distribution in Europe with a few 

finds in Northeast America; one (Tolypella canadensis) with a northern amphi-atlantic 

distribution: one (C. baltica) mainly found in Europe and with a few localities in S. 

America; and one species (T. nidifica) with a European distribution only. This in 

addition to the early immigration of charophytes to Greenland and the development 

of bird migration routes from Europe to Greenland support the hypothesis that the 

charophytes of Greenland originally are closer to the European flora than to the North 

American. As already emphasised the charophyte flora of Greenland is presumably 

only known in parts. Information on Greenland charophytes will be of principal 

interest, as the area is in the outmost limit of the distribution of these plants, It is 

therefore important to make new and additional collections. Areas of special interest 

are the borders between the high  and low-Arctic zones and especially the many salt 
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lakes e.g. in Sondre Stromfjord and Umanak Fjord (Reen, 1971; Bócher, 1949) or 
other places. The cambro-silurian areas in the north are presumed to be too cold for 
charophytes since very few limnophytes can survive here (Reen, 1968; Fredskild, 1992), 
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